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Improved Salting Out Extraction-Preconcentration Method for the
Determination of Nitroaromatics and Nitramines in Water

PAUL H. MIYARES AND THOMAS F. JENKINS

INTRODUCTION

During the early 1980s, CRREL developed a Re-
versed-Phase High Performance Liquid Chromatographic
(RP-HPLC) method for the deicrinination of the follow-
ing explosives in wastewater from Armmy Ammunition
Plants: octahydro-1,3,5,7-tetranitro-1,3,5,7-tetrazocine
(HMX), hexahydro-1,3,5-trinitro-1,3,5-triazine (RDX),
2,4,6-trinitrotoluene (TNT) and 2,4-dinitrotoluene (2,4-
DNT) (Jenkins et al. 1984, Bauer et al. 1986, Jenkins et
al. 1986). Later, a protocol was developed for the
determination of munitions residues in soil that included
an KP-HPLC separation that provided for simultaneous
determination of HMX, RDX, TNT and 2,4-DNT plus
1,3,5-trinitrobenzene (TNB), 1,3-dinitrobenzene (DNB),
methyl-2,4,6-trinitrophenylnitramine (tetryl) and the
three isomers of nitrotoluene, meta (m-NT), para (p-NT)
and ortho (0-NT) (Jenkins and Walsh 1987, Jenkinsetal.
1988a, Bauer et al. 1989, Jenkins et al. 1989, USEPA

1990). This separation was subsequently found to be
useful for water analysis as well (Jenkins et al. 1988b).
In both RP-HPLC water methods, samples were diluted
with a polar solvent to reduce adsorption on membranes
during filtration (Walsh et al. 1988) and to matrix match
the sample and eluent. Unfortunately, neither separation
adequately resolves isomers of important manufacturing
by-products—2,4-DNT and 2,6-DNT—and biodegra-
dation product isomers—2-amino-4,6-dinitrotoluene (2-
Am-DNT) and 4-amino-2,6-dinitrotoluene (4-Am-
DNT).

In 1987, Oak Ridge National Laboratory (ORNL)
published recommendations for the maximum concen-
trations of 2.4-DNT (0.17 pg/L) and 2,6-DNT (6.8 ng/L)
for safe drinking water (Table 1) (Etnier 1987).In 1988—
89, the U.S. Environmental Protection Agency’s
(USEPA) Office of Drinking Water published health
advisc.ics »nd water quality criteria for HMX, RDX,
TNT, 2,4-DNT and 2,6-DNT (Table 1) for safe levels of

Table 1. Recommended water quality criteria and measurement capability for HMX,RDX, TNT, 24-

DNT and 2,6-DNT.

Water quality criteria®

U.S. Navy (BUMED 1980)

U.S. AMBRDL (NRC 1982}

U.S. EPA (Khanna et al. 1988-1989)
ORNL (Etnier 1987)

Current measurement capability

RP-HPLC

Direct injection method (Jenkins et al. 1988b)
Solid-phase extraction (Bicking and Summer 1986)
Solid-phase extraction t Valis et al. 1989)

GC-ECD

Toluene extraction (Belkin et al. 1985)

Toluene extraction isvamyl acetate (Hable et al. 1991}

* Risk factor 1 x 10®
+ Not recommended for RDX (Belkin et al. 1985).

Concentration (ug/Lj

HMX RDX INT 24-DNT  20-DNT
— 30 10 — —
400 03 1.0 0.1 0.007
0.17 0.0068
13.0 14.0 6.9 5.7 9.4
— 7.7 1.0 — —
5.1 7.5 1.3 0.79 2.7
— 1.0 — .
6.0 0.3 0.06 0.04 0.003




munitions In drinking water (Khanna ot al, 1988~89), At
that time, there were vory few reported analyticul tech-
niques that could detect 1,0 mg/L of TNT and none that
could detect 0.3 ug/L of RDX (Tuble 1), Detection limits
reported for the direct inject!an RP-HPLC method de-
veloped by Jenkins et al, (1988b) were not adequate to
meet the proposed health advisories and water quality
criteria for HMX, RDX, TNT or the two Isomers of
DNT. Those methods with reported detection limits
bolow the USEPA criteria for TNT all involved some
form of extraction and preconcentration (Belkin et al,
1988, Blcking and Summer 1986, Valis et al. 1989),
clther liquid~liquid extraction with a non-polar solvent
or solld phase extraction,

Spanggord et al. (1982) described a conventional
diethyl ether extraction of munitions wastewater, while
Phillips et al, (1983) used methylene chloride (MeCl,)
for liquid~liquld extraction of nitroaromatic compounds
from blosludge, and Belkin et al, (1985) extracted water
samples with toluene, Each of these techniques was
inudequate for RDX because of poor extraction effi-
clency. Further, several of these methods used environ-
mentally undesirable solvents for extraction,

Miyares and Jenkins (1990) developed a water method
for nitroaromatics and nitramines that used salting-out
solvent extraction with acetonitrile and evaporative
preconcentration followed by RP-HPLC separation on
anLC-8 (3.3-cm % 4.6-mm, 3-lm) column, This method
requires S-minutes of vigorous, manual shaking of a
500-mL separatory funnel containing 400 mL of sample,
130 g of sodium chloride (NaCl) and 100 mL of
ucetonitrile (ACN). The technique had the capability of
determining simultaneously RDX, TNB, DNB, TNT,
2,4-DNT,2,6-DNT, 2-Am-DNT and4-Am-DNT at con-
centrations below the microgram-per-liter level, with
recoveries in excess of 95% (Table 2). Although Certi-
fied Reporting Limits (CRL) were adequate to meet the
USEPA health advisories and water criteria for TNT,

Table 2. Certified reporting lim.
Its (CRL) for original salting-out
extraction technique (Miyares

and Jenkins 1990).
CRL  Recovery

Analyte (ug/L) (%)
RDX 0.836 101
TNB 0.258 137
DNB 0.108 99.0
TNT 0.113 88.8
2,4-DNT 0.021 94.8
2,6-DNT 0.314 93.9

2-Am-DNT 0.035 102
4-Am-DNT 0.060 100

RDX and 2,4-DNT, the rurrent criteria for 2,6-DNT
ware not met,

Muskarinecctal, (1984), Richard and Junk (1986) und
Valls et al. (1989) reported the use of Solid Phuse
Extraction (SPE) for preconcentration of munitions
components from water, SPE yields consideruble pre-
concentration und s sultable for both Jaboratory nnd
field applications owing to its simplicity, However, low
recoveries of very polar solutes were observed [n some
cases because of breakthrough (Maskarinec et al, 1984)
or Incomplete release from the sorbents (Richard and
Junk 1986), or both,

During the course of the work reported here, Hable et
ul. (1991) published an article that described two liquid=
liquid extraction Gas Chromatographic-Electron Cup-
ture Detector (GC-ECD) methods for munitions, The
two methods employ toluene and Isoamy! acetate as
extractants fordetermining nitroaromatics and nitramine
respectively, Both methods have detection limits meet-
ing the USEPA hecalth advisories and water quality
criteria for their respective class of compounds. Unfor-
tunately, this combined procedure requires two extrac-
tions and two analyses for each sample.

The objectives of our study were two-fold, The first
was to develop a convenlient technique with sufficient
solute preconcentration to enable simultancous RP-HPLC
determinations of HMX, RDX, TNB, DNB, TNT, 2,4-
DNT,2,6-DNT, 2-Am-DNT and 4-Am-DNT in water at
levels that comply with the USEPA health advisories
and water quality criteria. These compounds were cho-
son because our experience has shown them to be the
more commonly detected munitions and munitions by-
products found in water samples from munitions waste
sites. The salting-out solvent extraction (Mlyares and
Jenkins 1990) and the solld phase extraction techniques
(Maskarinec et al. 1984, Bicking and Summer 1986,
Richard and Junk 1986, Valis et al, 1989) were consid-
ered, Initial testing of solid phase extraction indicated
that @ 10-mL/min flow rate was the limiting value
without reduction in analyte recovery. Also, the total
volume of a sample was limited by the possibility of
breakthrough for very polar solutes as well as the Jength
of extraction time. A further observation indicated a
possible variation in the tubes from batch to batch,
increasing the solvent volume requirement for pretreat-
ment. Therefore, we have chosen to concentrate our
efforts on salting-out. The salting-out technique re-
quired further testing and improvement in concentration
factors to reach desired levels for several of the analytes
of interest, particularly for the two DNT isomers. A
further goal was to achieve analyte preconcentration
without the use of environmentally undesirable solvents
(1.¢., aromatic and chlorinated hydrocarbons).



The second objective was to develop adirect-injection
RP-HPLC method with enhanced detection capability.
We used a technique known as solute focusing (Johnson
and Dorsey 1990) in our efforts to improve the detection
capabilities. Solute focusing involves trapping solutes in
a narrow band at the head of the analytical column by
injecting a large volume of sample in a weak solvent
followed by elution with a stronger solvent. Johnson and
Dorsey (1990) analyzed a single solution over arange of
injection volumes and found that a linear relationship
existed between injection volumes and detectorresponse.
We intended to increase our sample injection to the
greatest volume possible without significantly reducing
resolution.

EXPERIMENTAL

Instrumentation

All RP-HPLC determinations were made on a modu-
lar system composed of the following components:

1. A Spectra Physics Model SP28 10 precision isocratic
pump.

2. A Spectra Physics Model SP8490 variable wave-
length UV detector set at 254 nm with a cell path length
of 1 cm.

3. A Hewlett Packard Model HP3393A digital inte-
gratorequipped with a Hewlett Packard Model HP9114B
disk drive.

4. A Linear Model 500 strip chart recorder.

Samples were introduced by flushing an 1100-uL
sampling loop with 2.5 mL of sample and manually
injecting the sample using a Rheodyne 7125 injector.
The analytes were separated on a 7.5-cm x 4.6-mm
Supelco LC-8 (3-um) reversed-phase column eluted
with a ternary eluent composed of water, methanol
(MeOH) and tetrahyrofuran (THF) (70.7:27.8:1.5 [v/v/
v}) at a flow rate of 2.0 mL/min. The digital integrator
was programmed to measure peak heights, whichdemon-
strated petter reproducibility than peak area measure-
ments for low concentration samples.

Chemicals

Analytical standards for HMX, RDX. TNB, DNB,
TNT, 2,4-DNT and 2,6-DNT were prepared from Stan-
dard Analytical Reference Materials (SARM) obtained
from the U.S. Army Toxic and Hazardous Materials
Agency (USATHAMA). Aberdeen Proving Ground,
Maryland. standards for 2-Am-DNT and 4-Am-DNT
were obtained from Dr. David Kaplan, U.S. Army Natick
Laboratories (Natick, Massachusetts) and their identity
was confirmed by GC/MS analysis (Appendix B, Table
B15). Standards were dried to constant weight in a

vacuumdesiceator overdry calciumchloride inthe dark.
Methanol used in preparation of the eluent was Baker
HPLC grade, acetonitrile (ACN) used to extract samples
and prepare standards was Mallinckrodt ChromAR HPLC
grade and THF for the eluent was either Baker HPLC or
Aldrich HPLC grade. The NaCl used in the salting-out
exfraction was Baker reagent grade crystals. Water for
preparation of eluent and spiked sample solutions was
purified using a Milli-Q Type | Reagent Grade Water
System (Millipore Corp). The mobile phase was pre-
pared by combining appropriate portions of each com-
ponent and vacuum filtering through a nylon membrane
(0.2 pm) to remove particulate matter and to degas.

Samples

Groundwater samples from Tidewater Community
College, Suffolk, Virginia, and from the Nebraska Ord-
nance Plant, Mead, Nebraska, were provided by the U.S.
Army Engineer Division, Missouri River, Omaha, Ne-
braska. Samples from the Crane-Rockeye Site, Crane,
Indiana, were provided by the U.S. Army Waterways
Experiment Station, Vicksburg, Mississippi, and samples
from Eagle River Flats, Alaska, were provided by
Marianne Walsh (CRREL).

Preparation of individual
stock standards

We prepared individual stock standards of HMX,
RDX, TNB, DNB, TNT. 2,4-DNT, 2.6-DNT, 2-Am-
DNT and 4-Am-DNT by weighing out approximately
250 mg of each dried standard material to the nearest
0.01 mg, transferring to individual 250-mL volumetric
flasks and diluting to volume with acetonitrile. Stop-
pered joints were wrapped with Parafilmto retard evapo-
ration and solutions were stored at 4°C in the dark.
Concentrations of the analytes in these stock solutions
were approximately 1000 mg/L.

Initial calibration

We prepared duplicate combined analyte calibration
stock standards (USATHAMA 1990) by adding 1.00
mi each of the HMX, RDX, TNB, DNB, TNT, 2.4-
DNT. 2.6-DNT, 2-Am-DNT and 4-Am-DNT individual
analyte stock standards to each of two 100-mL volumet-
ric flasks and diluting to volume with water (standards A
and AA). The concentration of each analyte is approx-
imately 10 mg/L. A series of aqueous calibration solu-
tions (B through 1) and (BB through II) were each
prepared from standards A and AA. respectively. as
outlined in Table 3. Concentrations of analytes in the
initial combined analyte calibration stocks and dilutions
thercof are presented in Table 4. Duplicate aliquots of
eachcalibration solution were analyzed in random order.




Table 3. Dilutions for precertification calibration
standards. All dilutions are in water.

Approximate

Dilution pattern concentration*®

Aliguotof  Flask  of analytes

Standurds {mL) tmlL) (ug/L)
B (BB) 2.000f A (AA)T 100 200
C(CC)y 1.00 of A (AA) 100 100

D (DD} 20.0 of B (BB) 100 40.0

E (EE) 10.0 of B (BB) 100 200

F (FF) 10.0 of C(CC) 100 10.0

G (GG) 10.0 of D (DD) 100 4.00
H (HH) 2.00 of C(CC) 100 2.00

L

1.00 of C(CC) 100 1.00

* See Table 4 for concentrations for each analyte.
T Solutions A and AA are the combined analyte stock
standard prepared as described in text.

the residual mean squares were calculated. We then
compared the residuals of the two models for each
analyte as described in USATHAMA (1990). The F-
ratios at the 95% confidence level indicated that a linear
model through the origin adequately described the data
for all analytes. Thus, for daily calibration, a replicate
single point calibration is sufficient.

Daily calibration

We prepared a daify calibration stock solution (stan-
dard N) according to the three-step process shown in
Figure 1. The daily calibration solution was prepared by
diluting 1.00mL of standard N to 100.0 mL in a volumet-
ric flask with water (standard P). Concentrations of
analytes in standards N and P are presented in Table 5.
Standard N was stored in a refrigerator at 4°C for up to

Table 4. Concentrations of the analytes in the combined and initial calibration standards (ug/L).

TINT  24-DNT  26-DNT  p-NT  2-Am-DNT 4-Am-DNT

Label HMX TNB RDX DNB NB
A(AA) 10.010 10,010 10,000 10,010 10.600
B(BB) 200 200 200 200 211
C(CCy 100 100 100 100 106
D(DD) 40.0 40.0 40.0 40.0 423
E(EE) 200 200 200 20.0 211
F(FF) 10.0 10.0 10.0 10.0 10.6
GGGy 4.00 4.00 4.00 4.00 4.23
H(HH! 2.00 200 2.00 2.00 2.1

1ih 1.00 1.00 1.00 - L()() I.Qf)i

Table 5. Concentratiors of combined daily
analyte calibration stock (N) and daily cali-
bration standard (P).

Individual
stock standards N P

Anulyte (mg/L) (ug'l) (ugL)
HMX 1000 10000 100
RDX 1000 10000 100
TNB 1000 5000 50.0
DNB 1000 5000 50.0
TNT 1000 1000 10.0
24-DNT 1000 500 5.00
2.6-DNT 1010 502 5.02
2.Am-DNT 702 1400 14.0
4-Am-DNT 579 1160

1.6

A hinear model with intercept was fitted to the data for
each analyte. The lack of fit and error mean squares were
tested for significance at the 95% confidence level as
described in USATHAMA (1990). The F-ratios for
standards over the entire concentration range indicated
that a linear model adequately described the data. A zero
intercept linear model was then fitted to each data setand

10,000 10,030 10.050 9.970 10,000 11,600

200 201 201 199 200 232
100 100 100 100 100 116
40.0 40.1 40.2 39.9 40.0 46.3
20.0 20.1 20.1 19.9 20.0 23.2
10.0 10.0 10.0 10.0 10.0 1.6
4.00 4.01 4.02 3.99 4.00 4.63
2.00 2.0} 2.01 1.99 2.00 2.32
1.00 1.00 1.00 1.00 1.00 1.16

28 days but standard P was prepared daily. Standard P
was analyzed in triplicate at the beginning of each day of
analysis, and singly at the middle and at the end of each
day of analysis.

Response factors for each analyte were obtained from
the mean peak height and compared with the response
factors obtained for the initial calibration. According to
USATHAMA (1990), mean response factors for daily
calibration must agree within +25% of the initial re-
sponse factors for the first seven daily calibrations.
Subsequent daily response factors must agree with the
initial factors within two standard deviations (based on
the first seven daily calibrations). If these criterna are not
mel, a new initial calibration must be obtained.

Preparation of solutions for
certified reporting limit test

A combined analyte spiking stock solution (standard
Q) was prepared in the same manner as standard N (Fig.
1). Spiking solutions (standards R through V) were
prepared as outlined in Table 6. Concentrations of ar.alytes
in standards Q through V are presented in Table 7. CRL
solutions were prepared by diluting 1.00-mL aliquots of




2, 4:DNT and 2, 6:DNT '
1,0 g/l Individual 8,00 mL Hach
8look Standarce

TNT 10.0 mL lnurmodl c mblnad
1,0 /L individual > A ?m 100ml
Biook Standard Volumomc Flask
ard AL ONT 20.0 mL Each
1, o ¢/L Incividual
Stook Standards
HM 8.00 mL Dally Il n l ak lution
"’"d"" Oommmlon moﬁn 'Hhe 6
DNB and TNB 10, h
1,0 gl Indivicunl 0.0mi fao
8todk Standards +
lnmmodln mbined
‘o lutlon #2 26.0 mL
Volumivlo gln"ﬁ

2,00 m. J

PNT
1,0 g/L Individual
8todk Standards

Figure 1. Flow diagram for preparation of daily callbration stoek solution (standard N) and combined
analyte splking solution (standard Q).

Tabie 7. Concentrations of cortification combined stock and spik-
‘Table 6, Dilution outline of certification splk. Ing solutions (ug/L).

ing solutions.* All dilutions are in acetonitrile,

Analytey o+ I s T U 1
Volume of @ Volume of flank ‘ 0 i SR v
Solution  Level fmlL) fmlL) HMX 10010 2000 1 400 200 100
TNB 5000 1000 500 200 100 50
R 10 200 100 RDX 10000 2000 1000 400 200 100
) 5x 10,0 100 DNB 3000 100 500 200 100 50,0
T 2x 40X 100 TNT 1000 200 100 40,0 20.0 10,0
(") tx 2,00 100 2,4:DNT 802 100 10.2 20,1 10,0 0
v 0.8 1,00 100 2.6-DNT 502 Wl $0.2 Al 10,1 502
2:AmDNT 1400 241 140 56.2 28,1 14,0
* Congontratlon of unabytes in the cortifleution spiking 2ANDNT 1160 m 1o 40.4 M2 16
solutions are Hated In Tuble 7, N
+xisthe target concentration per USATHAMA (1990), * Solution Q Is the certification combined stoek solution,



Table 8. Concentrations (pig/L) of analytes in certification
samples.

Analyvtes 0.5x* Ix 2x 5x 10x
HMX 0.050 0.100 0.200 0.501 1.0
TNB 0.025 0.050 0.100 0.250 0.500
RDX 0.050 0.100 0.200 0.500 1.00
DNB 0.025 0.050 0.100 0.250 0.500
TNT 0.005 0.010 0.020 0.050 0.100
2.4-DNT 0.003 0.005 0.010 0.025 0.050
2,6-DNT 0.003 0.005 0.010 0.025 0.050
2.Am-DNT  0.007 0.014 0.028 0.070 0.140

0.006 0.012 0.023 0.058 0.116

4-Am-DNT

* xis the target concentration per USATHAMA (1990).

appropriate spiking solutions to 2000 mL in volumetric
flasks with Milli-Q water. The concentrations of analytes
in the these solutions are presented in Table 8. They were
extracted and analyzed as described below for water
samples.

Control samples

Analytical control samples were prepared at 1.00
pg/L for each ot HMX, RDX, TNB, DNB, TNT, 2.4-
DNT. 2.6-DNT, 2-Am-DNT and 4-Am-DNT. Control
samples were treated identically to groundwater sumples
as described above.

Guard Cotumn LC-8
(5 um)
Column LC-8
(7.5¢cm x 4.6 mm;
3-um particie size)

Detector

Eluent Reservoir ;
(70.7:27.8:1.5 viviv 1-L Volumetric %4380? A ue7oGuOs.r§;m ©
H, O-MeOH-THF) Flask 9 p
Isocratic Pump Phase Separate s"t.n{/erAC:l‘ Vigorous Stirring
(2.0 mUmin.) 30 min. T porousy NaCl Dissolved
)
Remove ACN 10 mL ACN Phase Separate
Layer (~20 mL}) >} Stir 30 min. 30 min.
Centrifuge Turbid
Sample {4000 rpm 5 min.) | _Yes [Is Sample Remove ACN,
Remove ACN With Turbid? Combine With
Pasteur Pipette First Layer
- No -
Boil Down Sample Bring Sample
10 <0.5 mL, Add 1mL Volume Up to
H» O Reflux 2-5 min. 2 mbin KD
Sampie injector Combine Sample
(1100 pL / loop) With3mL H, O

{(UV A = 254 nm)

Waste Reservoir

Chart Recorder

Digital Integrator

Chromatogram

Figure 2. Improved salting-out extraction protocol




Sample extraction and analysis

Salting-out extraction

The day prior to analysis, we washed all glassware
with soap and water, rinsed it with distilled water, rinsed
it with acetone and finally rinsed it with Type | water
(Millipore Corp.). The glassware was filled with Type 1
water and allowed to stand overnight. Immediately prior
to use, our Kuderna—~Danish concentrators were rinsed
with ACN, and ali other glassware was given a final rinse
with Type 1 water.

A 760-mL aliquot of each water sample was measured
by graduated cylinder and transferred into 2 1000-mL
volumetric flask containing 248 g of NaCl and a mag-
netic bar. Each sample was stirred vigorously on a
stirring plate until the NaCl was completely dissolved.
Then 170 mL of ACN was pipetted into each flask and
the speed of the stirring plate was adjusted such that all
of the ACN was drawn down into the aqueous phase by
vortex action. After 30 minutes, the stirrer was turned off
and the samples allowed to stand for 30 minutes to aliow
phase separation. The ACN phase collects in the neck of
the volumetric flask where about 23 mL was recovered
with a Pasteur pipette and transferred to a 40-mL glass
vial with a Teflon faced cap. A fresh 10-mL aliquot of
ACN was then added to each volumetric flask for a
second extraction. Samples were stirred for another 30
minutes, allowed to stand 30 minutes and the second
ACN extracts were collected and combined with the
first. Turbid extracts were centrifuged at 4000 rpm for 5
minutes and the ACN was removed from the vials with
a Pasteur pipette and transferred to clean 40-mL vials.

Extract preconcentration

The collected extracts (33 mL per sample) were trans-
ferred to Kuderna—Danish (KD) microconcentrators and
the volumes reduced to about 0.5 mL. Then a 1.0-ml.
aliquot of water was added to each. The samples were
allowed to continue to reflux for 2-5 minutes to further
reduce the ACN concentration. The volumes were then
brought up to 2.0 mL with water, and the samples were
removed from the Kuderna-Danish concentrator and
combined with 3.00 mL of water in scintillation vials.
Samples are not diluted with ACN because the solute-
focusing technique requires that the sample must be a
much weaker solvent than the mobile phase so that the
solutes will be adsorbed at the head of the column. The
entire salting-out protocol is outlined in Figure 2.

Direct injection method

A 10.0-mL aliquot of the water sample was transferred
to a scintillation vial. A 100-uL aliquot of MeOH was
added and the sample shaken. The resulting solution was
filtered through a Millex SR 0.5-pum disposable filter,

1.3- DNB
NB

1,3.,5- TNB

HMX
246 - TNT

RDX
2-Am - DNT
4 - Am . ONT

2.4 - DNT

| s ) T R 1 |
0 4 8 12 16
(min)

Figure 3. Primary separation for the improved
salting-out procedure.
Column: LC-8(7.5cmx4.6mm,
3 um)
70.7:27.8:4.5 (viviv)
H,0-MeOH-THF
Flow: 2.0 mLimin
Detector, uv: =254 nm
Injection volume: 1100 uL.

Eluent:

the first 3 mL being discarded and the remainder being
collected in a clean vial. Samples were analyzed using
the same separation and mode of detection as used for the
concentrated extracts.

Separation

The primary analytical separation was achieved on an
LC-8 (7.5-cm x 4.6-mm, 3-um) column preceded by an
LC-8 guard column (S pm), eluted with a terary eluent
composed of water—-MeOH-THF (70.7:27.8:1.5 [v/v/
v]) at a flow rate of 2.0 mL/min. Retention times and
capacity factors for the primary analytes of interest as
well as potential interfering compounds are presented in
Table 9. A chromatogram of the primary separation is
shown in Figure 3. Suspected analytes were confirmed
on a set of columns consisting of an LC-8 (5-um) guard
column, followed by an LC-8 (3.3-cm x 4.6-mm, 3-um)
column, followed by an LC-CN (3.3-cm x 4.6-mm, 3-
tm) column connected in series. This series was eluted
with the same eluent as the primary analytical column at
a flow of 1.5 mL/min. Retention times and capacity
factors of the primary analytes for the confirmatory
separation are also presented in Table 9. A chromato-
gram of the confirmatory separation is shown in Figure 4.




Table 9. Retention times and capacity factors.
Column:  LC-8 (7.5 cm x 4.6 mm, 3 pm)
LC-8/LC-CN (series)

(3.3 cm x 4.6 mm. 3 um) (both)
Eluent:  Water~Methanol-THF 70.7:27.8:1.5 (v/v/v)
2.0 mL/min (LC-8), 1.5 mi/min (LC-8/LC-CN)
254 am (210 nm for PETN and NG)

(280 nm for tetrazene)

Flow rate:
Wavelength:

Loop sizer 1100 pL
Retention time (min} Capacity factor* (K’)
Analyvte LC-8 LC-8LC-CN LC-8 LC-8/LC-CN

NO3 0.55 0.615 —_ -—
Tetrazene unretained — — —
Picne acid unretained — — —
2.4-DNPhenol 1.18 — 1.15 —
SEX 1.44 — 1.62 —
TAX 1.75 - 2.18 —
HMX 2.19 6.91 298 10.2
2.6-DAmMm-NT 2 —_ 3.02 —
TNB 3.09 3.3s 4.62 4.45
3Am-NB 217 — 4.76 —
TNBA 3.21 — 4.84 —
14-DNB 352 — 5.40 —
RDX 3.60 497 5.55 7.09
24-DAmM-NT 377 — 5.85 —
DNB 4.32 412 6.85 5.69
NB 4.85 4.34 7.82 6.06
2-Am-4-NT 5.30 — 8.64 —
1.2-DNB 5.59 — 9.16 —
Benvzene 5.83 4.55 9.60 6.40
3-Am-2-NT 6.06 — 10.0 —
TNT 6.47 5.83 10.8 8.48
15-DNA 7.07 — 119 —
24-DNT 8.66 7.11 14.8 10.6
NG 8.98% — 15.3 —
245 TNT 9.10 — 15.6 —
Tetryl 9,57 — 16.4 —
2.6-DNT 9.65 7.63 16.6 11.4
o-NT 10.7 8.08 18.4 12.1
p-NT 10.8 8.18 18.6 12.3
m-NT 1.2 8.78 19.3 3.3
2-Am-DNT 12.2 9.75 21.2 149
4-Am-DNT 12.9 10.47 22.5 16.0
Toluene 139 9.37 243 14.2
PETN 24 — 39.8 —
2.34.TNT 30.0 — 53.6 —

*Capacity factor is calculated on the unretained peak of nitrate (NO3).
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Figure 4. Confirmation separation for the
improved salting-out procedure.

Column: LC-8/LC-CN series
(both3.3 cmx4.6 mm,
3 wm)

Eluent: 70.7:27.8:1.5 (viviv)

H,0-MeOH-THF
Flow: 1.5mL/min

Detector,uv: A\ =254 nm
Injection volume: 1100 ulL.
RESULTS AND DISCUSSION

Optimization of salting-out
extraction procedures

We enhanced the salting-out extraction method to
make the most of the preconcentration factor, most
significantly by increasing the initial volume of the
sample, which would require a larger extraction vessel.
We tried extracting an 800-mL sample in a 1000-mL
separatory funnel, but this large vessel was far too
cumbersome to shake manually.

We next considered using a 1-L bottle with a magnetic
stirrer to extract an 800-mL sample. A preliminary
experiment comparing the extraction efficiency for 5
minutes of manual shaking to 15 minutes of stirring
showed no significant difference between the two. A
drawback to stirring in bottles was the difficulty in
recovering the ACN phase. As an alternative to bottles,




Meniscus of
Aqueous Phase

Saturated Aqueous Phase
(NaCl + ACN)

1 L Volumetric Flask

Figure 5. Extraction vessel for improved
salting-out extraction procedure.

Belkin et al. (1985) suggested stirring the sample in a
1-L volumetric flask, which acted as an inverted sep-
aratory funnel for solvents with specific gravities lower
than water (Fig. 5). This approach retained the advantage
of reducing labor. allowed large samples (800 mL) to be
extracted with easy recovery of extract and allowed for
several samples to be processed simultaneously. We
chose round volumetric flasks over square ones because
of improved mixing.

We decided on the proper sample size for the 1-L flask
by determining the volume increase for an aqueous
sample saturated with both NaCl and ACN. The sample
should fill the flask just into the bottom of the neck (Fig.
5). which was approximately 990 mL. Preliminary stud-
ies showed that the volume of water increased by a factor
of 1.3 whensaturated with both NaCl and ACN, translat-
ing into a sample size of 760 to 765 mL, nearly double
sample volume used in the previous salting-out proce-
dure (Miyares and Jenkins 1990).

We determined earlier (Miyares and Jenkins 1990)
that the optimum quantities of NaCl and ACN required
for saturation were 32.5 g and 19.3 mL per 100 mL of
water respectively. A 760-mL water sample would re-
quire 248 g and 147 mL of NaCl and ACN respectively.
A remaining question concerned the additional volume
of ACN required for acceptable extraction efficiency.
Given the partition coefficient (kp) and using eq 1.,* we
were able to estimate the volumes of agueous (V) and

* See Appendix A for derivation.

solvent (V) phases required to achieve various extrac-
tion efficiencies (% Extr).

100V &k
%Extr:—oo--———S P_ H
Vky+V,

To achieve 95% recovery in a single extraction, we
calculated that 7.3 mL of extract would be required for
TNT and 48 mL for RDX based on & values of 2580 and
396 respectively. An extraction vorume of 48 mL was
impractical because of the total volume of the volumetric
flask, so acompromise extract volume of 23 mL of ACN
was chosen, requiring a total initial volume of 170 mL of
ACN. This provided an estimated 90% recovery for
RDX and greater percent recoveries for all otheranalytes.
To increase recoveries, we added a second extraction
using 10 mL of ACN, resulting in acombined extraction
volume of 33 mL and estimated recoveries greater than
98% for all analytes. Table 10 lists partition coefficients
for various organic solutes between ACN and salt water.

Centrifuging and filtration

Often times, water samples contain particulate matter
that is not removed prior to extraction, and that will
partition between the two phases. Recovered extracts are
centrifuged for 5 minutes at 4000 rpm so that the clear
ACN canbe drawn off and transferred to clean vials. The

Table 10. Partition coefficients for various organic
solutes between acetonitrile and salt water (325 g
NaCV/L) at 23.5 £1°C (from Jenkins and Miyares
1991).

kp octanol/ kp acetonitrile/

Solute waler salt water*
HMX 1.1 633 48
Ethyl acetate 5.0 620 30
RDX 7.6 396 448
1,3.5-trinitrobenzene 15.1 804 +100
Dimethyiphthalaie 29.5 542 £71
I.3-dinitrobenzene 309 445 £22
cis-1.2-dichloroethylene 42.7 232 x11
Nitrobenzene 70.8 415 451
2.4,6-trinitrotoluene 72.0 2580 200
trans- 1.2-dichloroethylene 85.1 296 323
Chloroform 93.3 450 +21
2,4-dinitrotoluene 95.5 987 +38
2.6-dinitrotoluene 104 1520 £97
Benzene 135 436 62
Dicthyiphthalate 174 2360 +260
Trichloroethylene 195 606 +21
m-Nitrotoluene 282 1040 110
Chlorobenzene 288 1235 +84
Toluene 490 1080 +125
1.4-dichlorobenzene 2400 2230 +£360
1.3-dichlorobenzene 2400 2490 +330

* Mean of four or five determinations t standard deviation.




Table 11. Mean absorbance* ( x 10* for analytes of interest at A = 254 vs injection
loop size. Sample concentration, 20 pg/L per analyte.

Loopsize. TNB  RDX  DNB TNT
100 uL 133 0.67 1.54 0.68
200 ul 235 LIS 27 1.22
500 uL 336 227 6.12 291

1100 ul 984 293 1191 6.38

* Mean of five replicates.

extracts often are cloudy after preconcentration, appar-
ently because of small particles of NaCl. These samples
are clarified by filtering through Millex SR 0.5-um
disposable filter membranes (Jenkins and Walsh 1987).

Sample analysis

Separation for primary analysis

We chose to employ an LC-8 separation that was
similar to one developed by us earlier (Miyares and
Jenkins 1990). However, improved resolution was ob-
tained by using a longer column (7.6 cm instead of 3.3
cm); this increased the analysis time by only 7 minutes.
One note is that the increase in analysis time is also
partially caused by the increased sample loop size. The
longer column provided sufficient resolution enabling
quantitation of HMX, RDX, TNB, DNB, TNT, 2,4
DNT, 2,6-DNT, 2-Am-DNT and 4-Am-DNT (Fig. 3,
Table 9).

Sample loop size

We studied the effect of increasing the size of the
sample injected onto the column on detection capability,
absorbance and resolution. Five replicate injections of
an aqueous combined analyte solution (20 mg/L per
analyte) were each made for 100-, 200-, 500- and 1100-
pL sample loops. The absorbances of TNT, 2,4-DNT,
2,6-DNT, 2-Am-DNT and 4-Am-DNT were shown to

24-DNT 2.6-DNT  2-Am-DNT 4-Am-DNT

0.04 0.42 0.20 0.16
1.14 0.76 0.37 0.29
2.67 1.75 0.87 0.67
592 3.85

1.86

1.47

be linear up to 1 100 mL (Table 11). The absorbances of
TNB, RDX and DNB were shown to be linear up to 500
HL. We also observed a broadening of the bandwidth for
TNB,RDX and DNB, which will reduce the peak height.
These three analytes are more polar than the other five
tested and are less apt to be well focused at the head of
the column, thus causing the band broadening. We
further found that the resolution was not significantly
affected by the increase in loop size (Table 12), except
between RDX and TNB, but the resolution for these two
remained adequate in this case for quantitation. How-
ever, we discovered that the percentage of organic sol-
vent in the injected sample had an effect on resolution:
the organic solvent content should be maintained below
5% by volume to retain adequate resolution and peak
shape. We also tested 5.0- and 10-mL sample loops, but
found that the excessive pressure fluctuation upon injec-
tion interrupted the low causing the pump to stop. We
found that upon restarting the pump, it was difficult to
maintain a steady and clean baseline, stopping us from
determining the peak. In addition, we discovered that
large pressure fluctuations are detrimental to HPLC
columns by causing disruptions of the packing and
channeling at the head of the column. Since many HPLC
pumps have high- and low-pressure cutoffs, this prob-
lem can cause the pump to stop, interrupting the flow and
the analysis. We found that using an 1100-pL injection
loop significantly increased our detection capability

Table 12. Chromatographic resolution of analytes for separation on an LC-8 (7.5 cm) column vs injection loop size.
Sample concentration, 20 ug/L per analyte (Snyder et al. 1988).

Mean resolution*

TNB/RDX  RDX/DNB

DNBITNT  TNT/24-DNT 234

Loop size £ DNTI2.6-DNT  2.6-DNTI2-Am-DNT  2-Am-DNT/4-Am-DNT
100 pL 1.99 228 5.42 4.69 in 3.70 091
200 L 1.98 2.36 5.10 451 1.69 354 0.95
500 pL 1.91 2.07 5.56 4.51 1.78 3.58 0.97
1100 uL 1.22 1.92 5.12 4.65 1.69 347 0.93
* Mean of five replicates.
R, = resolution between two peaks = 1.18 x (1, — 1, )/(w; + w/)
t = retention time (min)
w = reak width at half height (min)

Baseline resolution, R_ 2 1.50.

10




— 206 nm Table 13. Certified reporting
limits (CRL)forimproved salt-
ing-out extraction method.

CRL  Recovery
Analyvte (ug'L) (%)
— 238 nm - Tt T T T T
HMX 0.271 11y
254nm  ppx 0260 101
TNB 0.129 63.0
DNB 0.090 789
TNT 0.011 74.1
24-DNT 0.007 78.0
2.6-DNT 0.006 79.5
2-Am-DNT 0.056 69.8
4-Am-DNT 0.054 84.0
Table 14. Certified reporting
limits (CRL) for low-concen-
tration direct injection/solute
J focusing.
180 nm 300 nm CRL  Recovery
Analyte (ug/L) (%)
Figure 6. Ultraviolet
spectra for 2.6-DNT ;’Si (l)gz ]?2'3
Srom 180 1o 300 nmin DNB 018 105
anH,0-MeOH-THF TNT 0.17 101
matrix obtained by 24-DNT 0.26 98.4
stopped-flow HPLC- 2.6-DNT 0.47 95.0
UV, 1100-uL injec- 2-Am-DNT 0.63 100
4-Am-DNT

0.99

. 104
fion. R

without interruption in the flow. Installation of an LC-8
guard column protected the analytical column from the
detrimental effects of pressure fluctuation. The end
result of this study was selection of an 1 100-pL injection
volume onto the LC-8 column.

Detection

Detection by UV at 254 nm has been shown to be a
highly sensitive and selective detector for analysis of
nitroaromatics and nitramines (Jenkins etal. 1984, 1986,
1988a,b, 1989; Bauer et al. 1986, 1989; Jenkins and
Walsh 1987; Miyares and Jenkins 1990; USEPA 1990).
UV spectra of each analyte were obtained in the 180 to
330-nm region by stopping the flow as the analyte was
passing through the flow cell on the Spectra Physics
8490 detector and scanning at arate of 1 nm/s. Since 2,6-
DNT was the analyte of greatest concern, emphasis was
placed on optimizing the operating wavelength for its
maximum absorptivity (A ..). Two A, values were
observed for 2,6-DNT (Fig. 6) in the H,0-MeOH-THF
matrix—aprimary A_ .. at 206 nmand a secondary A,

at 238 nm. The observed primary A
result of the THF in the matrix, whichrhas a UV cutoftf of

max 15> most likely a

212 nm. Previously. we had observed a A, between
230 and 240 nm tor 2.6-DNT in a MeOH-Water (1:1)
matrix, so we chose initially to use 238 nm as the
operating wavelength. However, both laboratory-pre-
pared and field-collected samples produced substan-
tially greater interferences than had been observed in
samples analyzed at 254 nm. We then tested 244 nm as
the operating wavelength, but again we observed in-
creased interferences in the chromatograms. Our deci-
sion was to use 254 nm as had been done previously for
detection of the analytes of interest.

Certification testing

A CRL study was carried out as outlined in
USATHAMA (1990) forthe salting-out preconcentration
procedure. A series of five 2-L spiked water samples was
prepared at the concentrations ranges listed in Appendix
B. Table B2. An aliquot was drawn from each spiked
sample and processed through the salting-out extrac-
tion—-preconcentration procedure as described in the
Experimental section. This was repeated on each of four
consecutive days as outlined in USATHAMA (1990).
CRLs were determined by the method of Hubaux and
Vos (1970}, also as detailed in USATHAMA (1990).
CRL data for the salting-out extraction procedure are
presented in Table 13.

Low-concentration
direct injecting

The results of the loop size study indicated the poten-
tial for a direct injection, low-concentration screening
technique. A CRL study was conducted as described in
USATHAMA (1990) using samples prepared as de-
scribed in the direct injection section of the Experimen-
tal section. These samples were an order of magnitude
higher in concentration than those for the extracted
samples. Resulting CRLs are presented in Table 13.
With the exception of 2,4- and 2-6-DNT. the CRLs were
all below the current USEPA drinking water criteria.
CRLs ranged between 1.7 and 78.3 times higher than
those achieved using the original salting-out precon-
centration technique. Thus, the preconcentration factor
of 152 is not fully realized in the CRL reduction because
of the larger random error associated with a more com-
plex analytical technique. Determination of HMX can
only be achieved at rather high CRLs because HMX
elutes close to the baseline disturbance following injec-
tion. This direct injection technique can be used as a
screening tool for low concentration determination as
well as for quantitation of samples with concentrations
near or below 1 pug/L (Table 14).
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Figure 7. Direct comparison of method capabilities
based on separationand detection. Artenuation (Attn
n) scale factor = 2™

a. Direct injection method.
Column: LC-18(25cmx4.6mm,5pum)
Eluent: 50:50 (viv) MeOH-H,0
Flow.: 1.5 mL/min
Detector: A\ = 254
Sample injection: 100 pL.
b. Low level direct injection method.
Column: LC-8(7.5cmx4.6mm, 3 um)
Eluent. 70.7:27.8:1.5 (viviv)
H,0-MeOH-THF
Flow: 1.0 mLimin
Detector: A = 254 nm
Sample injection: 1100 pL.
¢. Improved salting-out extraction method.
Column: LC-8(7.5cmx4.6 mm, 3 um)
Eluent: 70.7:27 8:1.5 (viviv)
H,0-MeOH-THF
Flow: 2.0 mL/min
Detector: A =254 nm
Sumple injection: 1100 ul.

Analysis of field samples

The performance of the salting-out extraction proce-
dure was tested using actual groundwater samples from
several Army sites. To directly compare the enhanced
sensitivity of the method to that of direct injection
methods, samples were analyzed by direct injectiononto
an LC-18 (25-cm, 5-pm) column with UV detection
(Jenkins et al. 1988b, USEPA 1990}, direct injection of
an 1100-mL sample onto the LC-8 (7.5-cm, 3-pum)
column with UV detection and by salting-out extraction
of a 760-mL sample. Chromatograms from these direct
comparisons are presented in Figure 7. Each chromato-
gram was attenuated (Attn n) to keep peaks on scale.
Attenuation scaling factor is 27,

Although unknown compounds were detected in field
samples, they did not interfere with the determination of
the analytes of interest.

Confirmation separation

Owing to the potential for interference, we believe it
necessary to confirm analyte identities using a second
separation. The confirmation separation developed ear-
lier by us (Miyares and Jenkins 1990), employing an LC-
8 (3.3-cm) column in series with an LC-CN (3.3-cm)
column eluted with a ternary eluent of water-MeOH-
THEF (70.7:27.8:1.5 [v/v/v]) at 1.5 mL/min (Fig. 4), was
shown to be adequate both for laboratory-prepared
samples as well as field-collected samples. Retention
times and capacity factors are presented in Table 9.

SUMMARY AND CONCLUSIONS

A method was developed for the determination of
nitroaromatics and nitramines in water that has CRLs
that are below the health advisories and water quality
criteria set by the USEPA. The method involves extrac-
tion of a 760-mL water sample with 248 g of NaCl and
170 mL of ACN in a 1-L volumetric flask, followed by
evaporation and solvent exchange from ACN to water
via a Kuderna-Danish concentrator. Samples are intro-
duced on an LC-8 (7.5-cm, 3-um) column using an
1100-mL samgle loop and eluted with an eluent com-
posed of water-MeOH-THF (70.7:27.8:1.5 [v/v/v}]) at
2.0 mL/min. Centified reporting limits range from 6.3
ng/L for 2,6-DNT to 271 ng/L for HMX.

The salting-out extraction—preconcentration proce-
dure takes approximately 2-1/2 hours per sample, but
with the exception of the Kuderna-Danish step, the
procedure does not require constant monitoring. Also,
the number of samples that can be extracted simulta-
neously is Jimited only by the availability of laboratory
equipment.
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APPENDIX A: DERIVATION OF EQUATION 1

The following is the derivation of eq 1 used to determine the estimated percent extraction from the
volumes of the two phases and the partition coefficient (Kp):

K, =S (A1)
Ca
CS _—_& (Ap_)
v,
c,=Ya (A3)
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ky=Ms . Va (Ad)
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APPENDIX R: METHOD DOCUMENTATION IN USATHAMA (1990) FORMAT

Precertification Calibration
Improved Salting-Out Solvent Extraction Method for
Determination of Low Levels of Nitroaromatics and Nitramines
in Ground Water

I. Summary

A. Analytes: The following analytes can be determined using this analytical method: HMX, RDX,
135TNB, I13DNB, NB, 246TNT, 24DNT, 26DNT, 4NT, 2ADNT and 4ADNT.

B. Matrix: This method is suitable for the determination of nitroaromatics and nitramines in ground
and surface water.

C. General method: This method involves the sequential extraction of a 760-mL water sample by
the addition of 248 g of NaCl and two aliquots of acetonitrile (ACN) (170 + 10 mL). Upon phase
separation, the ACN phase is collected and the volume reduced to less than 0.5 mL by means of a
Kuderna—Danish microconcentrator. The sample is then diluted to 5.0 mL with water. Determination
is by reversed-phase HPLC on an LC-8 (7.5 cm x 4.6 mm, 3 um) column preceded by an LC-8 guard
column and eluted with a ternary eluent of 70.7:27.8:1.5 (v/v/v) water—-methanol-tetrahydrofuran at
2.0 mL/min. Analyte confirmation is obtained on an LC-8 (3.3 cm x 4.6 mm, 3 yum) column in series
withan LC-CN (3.3 cm x 4.6 mm, 3 um) column eluted with the same eluent as the primary separation
at a flow rate of 1.5 mL/min. Samples are introduced onto the column using an 1100-uL sample loop
and detection of analytes is by UV at 254 nm.

I1. Application

A. Calibration range: The linear calibration range for each analyte for this method is shown in
Table B1.

B. Tested concentration range: The range of each analyte concentration over which this method
was tested is shown in Table B2.

C. Sensitivity: The response of the UV detector at 254 nm for each analyte is presented in Table
B3.

D. Interferences: While baseline separation is not achieved for 2ADNT and 4ADNT, resolution
is sufficient so that the two can be determined simultaneously if present at similar concentrations.
HMX may be determined using this method if the concentration is above 1 pg/L. HMX elutes on the
down slope of the baseline disturbance introduced by the salt in the sample. EPA monitoring
requirements for HMX are 1.8 mg/L. (McLellan et al. 1988), which can easily be met using this method.
The retention times for the certified analytes as well as potential interferences tor the primary and
confirmatory separations are presented in Table B4. The LC-8/LC-CN series of columns is satisfactory
for confirmation of the primaryv analytes. NaCl must be reagent grade or better and must have been
obtained and stored in glass bottles only. Plastic containers introduce interfering compounds.

E. Safety information: The normal safety precautions appropriate to use of flammable organic
solvents should be employed.

111. Apparatus and Chemicals

A. Instrumentation:

1. HPLC system: Spectra Physics HPLC SP8810 pump (or equivalent), an injector equipped with
an 1100-puL injection loop and a Spectra Physics SP8490 UV detector set to 254 nm and equipped with
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a b.0-cm cell path fength (or equivalent variable wavelength or fixed 254-nm detector). The primary
analytical column (LC-8) is eluted with ternary eluent composed of water—methanol—tetrahydrofuran
(70.7:27.8: 1.5 {v/v/v]) at 2.0 mby/nun, The contirmation columns (LC-8/LC-CN) are eluted with the
same eluent at 1.5 mL/min.
2. Strip chart recorder (Linear 500 or equivalent).
3. Digital Integrator (HP 3393 A or equivalent) equipped with an external disk drive (HP9114B or
equivalent).
4. LC-8 (Supelcoy RP-HPLC column. 7.5 cm x 4.6 mim (3 um).
5. LC-CN (Supelco) RP-HPLC column. 3.3 cm x 4.6 mm (3 um).
6. LC-8 (Supelco) RP-HPLC column, 3.3 con x 4.6 mm (3 um).
7. LC-8 (supelco) RP-HPLC guard column (5 pm).
8. Syringe (Hamilton), glass. S mL, Teflon capped plunger. Lueriok equipped with adaptor needle
tfor Rheodyne injection value
B. Analytes:
1. HMX (uctahydro-1,3.5.7-tetranitro-1,3.5,7-tetrazocine)
BP: decomposes
MP: 282°C
Solubility i water at 22.5°C: 5.0 yg/L
Octanol/water partition coefficient: 1.3
CAS #2691-41-0.
.RDX (hexahydro-1,3.5-trinitro-1.3.5-triazine)
BP: decomposes
MP: 203.5°C
Solubility in water at 25°C: 60 mg/L.
Octanol/water partition coefficient: 7.5
CAS #121-82-4.
. 135TNB (1.3.5-tnnitrobenzene )
BP: decomposes
MP: 122°C
Solubility in water at 25°C: 385 mg/L
Octanol/water partition coefficient: 15
CAS #99-35-4.
4. 13DNB (1.3-dinitrobenzene)
BP: 302°C
MP: 122°C
Solubility in water at 25°C: 533 mg/L
Octanol/water partition coefficient: 31
CAS #99-65-0.
5. NB (nitrobenzene)
BP: 211°C (flashpoint 88°C)
MP: 5.7°C
Solubility in water: 2 g/L
Octanol/water partition coefficient: 71
CAS #98-95-3,
6. 246TNT (2.4.6-trinitrotoluene)
BP: 280°C (explodes)
MP: 80.1°C
Solubility in water: 130 mg/L.
Octanol/water partition coefficient: 68
CAS #118-96-7.

to

=




7, 24DNT (2,4-dInitrotoluene)
BP: 300°C (decompones)
MP; 70°C
Solubility In water: 300 mg/L
Octanol/water purtition coefficient; 98
CAS #121-14-2,
8, 26DNT (2,6-dinltrotoluene)
MP: 66°C
Solubllity In water (25°C): 206 mg/L
Octanol/water partition coefficient: 97
CAS #606-20-2,
9, 4NT (para-nitrotoluene)
BP; 238°C
MP; 54°C
Octunol/water partition coefficient; 202
CAS# 99-99-0,
10. 2ADNT (2-amino-4,6-dinitrotoluene)
MP: 173.174°C
Octanol/water purtition coefficient: 88.2"
CAS #35572-78-2,
11, 4ADNT (4-amino-2,6-dinitrotoluene)
MP: 171.172°C
Octanol/water partition coefficiont: 81,5
CAS #1946-51-0,
C. Reagents and SARMs:
I, HMX—SARM quality.
2, RDX~=SARM quality.
3, 13STNB~SARM quality.
4, I3IDNB—SARM quality,
5. NB—=SARM quallty,
6. 246TNT==SARM quality.
7. 2dDNT~=SARM quality,
8. 26DNT—=SARM quality.
9, 4NT-=reagent grade,
10. 2ADNT-=reagent grade.
11, 4ADNT—reagent grade,
12, Methanol—=HPLC grade.
13, Water=—=reagent grade.
14, Acetonitrile—HPLC grade.
15, Tetrahydrofuran—~HPLC grade,

L]

1V, Precertification Calibration

A.Preparation of standards: Solid material (SARM or reagent grade) for each analyte was dried
to constant weight in a vacuum desiccator in the dark, Approximately 0.250 g (250 mg) of each dried
SARM or dried reagent was weighed out to the nearest 0.1 mg and transferred to Individual 250-mL
volumetric flasks and diluted to volume with HPLC grade ACN. Stock standards are stored in a
refrigerator at 4°C in the dark and are usablo for a period up to | year after the date of preparation, The
concentration of each stock standard Is prosented in Table BS.

* Estimatod (Jenkins 1989).




Two Identical combined unalyte stock solutions labeled X and XX ure prepured by combining 1.00
mL of each of these unalyte stock stundards: HMX, RDX, 135TNB, 13DNB, NB, 246TNT, 24DNT,
206DNT, 4NT, 2ADNT und 4ADNT ina 100-mL volumetric flusk and diluted to volume in water. The
analyte concentration in solutions X and XX are presented in Tuble B6. A serlos of precertification
stundurd solutions Is prepared from each of the combined stock solutions X und XX following the
dilutions presented in Table B7. These solutions ure labeled A through H and AA through HH
respectively. All dilutions are in 100-mL volumetric flusks and are diluted to volume with water.
Concentrutions of the anulytes in the precertification calibration solutions are presented In Table B6,

B. Instrument calibration: No dilution of the precertification calibration standards with solvent
is required prior to the analysis. The precentification calibration standards are analyzed singly In
random order. The acceptability of a lincar model for each analyte Is assessed using the protocol
specified in the USATHAMA QA Program (1990). Experience has shown that a linear model with a
zero Intercept is appropriate. Therefore, the response factor for each analyte is taken to be the slope
of the best fit regression line,

V. Procedure

A. Separation: Primary analysis is obtained by RP-HPLC employing an LC-8 (7.5 cm x 4.6 mm,
J um) column preceded by an LC-8 guard column eluted with a temary eluent composed of
70.7:27.8:1.5 (v/v/v) water~-MeOH-THF at 2.0 mL/min. Retention times and capacity factors for the
separation are found in Table B4. A chromatogram of the separation Is shown in Figure Bl,
Confirmation analysis is obtained by employing an LC-8 (3.3 cm x 4.6 mm, 3 um) column in serics
with an LC-CN (3.3 cm % 4.6 mm, 3 tm) column preceded by an LC-8 guard column and eluted with
the same eluent as the primary sepasation at a flow rate of 1.5 mL/min (Jenkins et al., 1988). A
chromatogram of the separation is shown in Figure B2,

B. Instrumental analysis: Samples are introduced onto the column by means of an injection valve
cquipped with an 1100-uL sample loop. The loop is flushed with 2.5 mL of sample using a S-mL glass
syringe. Detection is by UV at 254 nm. Peak height determination Is by digital integration,

V1. Calculation

To obtain a precertification calibration curve for each analyte, the protoco! for precertification
outlined in USATHAMA QA Program (1990) is employed.

VI, References

1. Jenkins, T.F. (1989) Devclopment of an analytical method for the determination of extractable
nitroaromatics and nitramines in soil. Ph.D. dissertation, University of New Hampshire,

2. Jenkins, T.F.,P.H. Miyares and M.E. Walsh (1988) An improved RP-HPLC method for determining
nitroaromatics and nitramines in water. USA Cold Reglons Research and Engineering Labora-
tory, Speclal Report 88-23.

3. McLellan, W.,W.R.Hartley and M. Brower (1988) Healthadvisory for octahyhro-1,3,5,7-tetranitro-
1,3,5,7-tetrazocine. Office of Drinking Water, U.S. Environmental Protection Agency, Washing-
ton, D.C.

4. USATHAMA (1990) USA Toxic and Hazardous Materials Agency Installation Restoration
Program, Quality Assurance Program. Aberdeen Proving Ground, Maryland.
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Certification
Improved Salting-Out Solvent Extraction Method for
Determination of Low Levels of Nitroaromatics and Nitramines
in Ground Water

I. Summary

A. Analytes: The fcllowing analytes can be determined using this analytical method: HMX, RDX,
135TNB, 13DNB, NB, 246TNT, 24DNT, 26DNT, 4NT, 2ADNT and 4ADNT.

B. Matrix: This method is suitable for the determination of nitroaromatics and nitramines in
ground and surface water.

C. General method: This method involves the extraction of a 760-mL water sample by the addition
of 248 g of NaCl and 170 mL of acetonitrile (ACN) followed by a second extraction with an additional
10 mL of ACN. The ACN from the two extractions is combined and the volume reduced to less than
0.5 mL using a Kudema-Danish microconcentrator. The sample is diluted to a volume of approxi-
mately 2 mL with water, then combined with an additional 3 mL of water. Primary determination is
obtained by reversed-phase (RP) high performance liquid chromatography (HPLC) usingan LC-8 (7.5
cm X 4.6 mm, 3 um) column preceded by an LC-8 guard column. A ternary eluent composed of
70.7:27.8:1.5 (v/v/v) of water-methanol-tetrahydrofuran is used at a flow rate of 2.0 mL/min.
Detection is by UV at 254 nm. Analytes identified inthe r ..., unalyst. are confirmed using an LC-
8 (3.3cmx 4.6 mm, 3 um) column in series with oo LC-CN (3.3 cm x 4.6 mm, 3 um) column preceded
by an LC-8 guard column and eluted w1 tne same eluent as the primary separation at 1.5 mL/min.

IL. Application

A. Tested concentration range: The range of eacn analyte concentration over which this method
was tested is shown in Table B2.

B. Sensitivity: The response of the UV detector at 254 nm for each analyte is presented in Table B3.

C. Reporting limits: Certified Reporting I imits (CRL) for the following analytes were determined
over a four-day period using the method of Hubaux and Vos (1970) as described in the USATHAMA
Installation Restoration Program Quality Assurance Program (1990). CRL values for the analytes are
presented in Table B8.

D. Interferences: While baseline separation is not achieved for 2ADNT and 4ADNT, resolution
is sufficient so that the two can be determined simultaneously. HMX may be determined using this
method if the concentration is above 1 ug/l.. HMX elutes on the down slope of the baseline disturbance
introduced by the salt in the sample. EPA monitoring requirements for HMX are 1.8 mg/L (McLellan,
1988), which can easily be met using this method. The retention times for the certified analytes as well
as potential interferences for the LC-8 and LC-8/L.C-CN separations are presented in Table B4. The
LC-8/L.C-CN series of columns was shown to be satisfactory for confirmation of the primary analytes.

Sodium chloride used in the extraction step must be reagent grade or better and must have been
obtained and stored in glass bottles only. Plastic containers can introduce interfering compounds.

E. Analysis rate: In an 8-hour work day. 10 samples can be processed and analyzed along with
appropriate calibration standards.

F. Safety information: The normal safety precautions appropniate to use of flammable organic
solvents. he* plates and preconcentrators should be employed.

II1. Apparatus and Chemicals
A. Glassware/hardware:
1. Volumetric flasks: 2000 mL (6), 1000 mL ({/sample), 500 mL (1), 200 mL (1), 100 mL (6).
2. Volumetric p.pettes: 100ml (1), SOmL (1), 25 mL (1), 20mL (2), 10 mL (6), SmL (4),4 mL
(1), 3mL (1), 2mL (2), 1 mL (10).
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3. Magnetic stirring plate (1/sample).

4. Magnetic stirring bar. 1-1/2 10 2 in. long (I/sample).

5. Teflon capped vial: 40 mL, glass (1/clear sample) (2/turbid sample).

6. Scintillation vials: 20 mL, glass (1/sample).

7. Powder funnel: glass (1).

8. Balance: accuracy (£ 0.01 g). capacity (> 300 g).

9. Kuderna-Danish microconcentrators: 2.0-mL receivii.g vessel, 40-mL flask, 10-cm distil-
lation: column (1/sample).

10. Centrifuge: capacity for 40-mL vial, speed minimum 4000 rpm.
11. Syringe (Hamilton) glass, 5 mL., Teflon capped plunger, Luerlok equipped with an adaptor
needle for Rheodyne injection valve.
12. Disposable filter unit: Millex SR 0.5 um
B. Instrumentation:

1. HPLC System: HPLC Spectra Physics SP8810 pump (or equivalent), an injector equipped
withan 1100-pL injection loop and a Spectra Physics SPB490 UV detector set to 254 nm and equipped
with a 1-cm path flow cell (or equivalent variable wavelength or fixed 254-nm detector). The RP-
HPLC column is eluted with an eluent composed of water—methanol-tetrahydrofuran (70.7:27.8:1.5
{v/v/v]) at 2.0 mL/min. The confirmation columns (LC-8/LC-CN) are eluted with the same eluent at
1.5 mL/min.

2. Strip chart recorder (Linear 500 or equivalent).

3. Digital Integrator (HP3393A or equivalent) equipped with an extemnal disk drive (HP9114B
or equivalent).

4. LC-8 (Supelco) RP-HPLC column, 7.5 cm X 4.6 mm (3 pm).

5. LC-8 (Supelco) RP-HPLC column, 3.3 cm x 4.6 cm (3 um).

6. LC-CN (Supelco) RP-HPLC column, 3.3 cm X 4.6 mm (3 um).

7. LC-8 (Supelco) guard column (5 um).

C. Analytes:

1. HMX (octahydro-1,3,5,7-tetranitro-1,3,5,7-tetrazocine)
BP: decomposes
MP: 282°C
Solubility in water at 22.5°C: 5.0 pug/L
Octanol/water partition coefficient: 1.3
CAS #2691-41-0.

2. RDX (hexahydro-1,3,5-trinitro-[,3,5-triazine)
BP: decomposes
MP: 203.5°C
Solubility in water at 25°C: 60 mg/L
Octanol/water partition coefficient: 7.5
CAS #121-824.

3. 135TNB (1,3,5-trinitrobenzene)
BP: decomposes
MP: 122°C
Solubility 1n water at 25°C: 385 mg/L
Octanol/water partition coefficient: 15
CAS #99-35-4.

4. 13DNB (1,3-dinitrobenzene)
BP: 302°C
MP: 122°C
Solubility in water at 25°C: 533 mg/L
Octanol/water partition coefficient: 31
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CAS #99-65-0.
5. NB (nitrobenzene)

BP: 211°C (flashpoint, 88°C)
MP: 5.7°C
Solubility in water: 2 g/L.
Octanol/water partition coefficient: 71
CAS #98-95-3.

6. 246TNT (2.4,6-trinitrotoluene)
BP: 280°C (explodes)
MP: 80.1°C
Solubility in water: 130 mg/L
Octanol/water partition coefficient: 68
CAS #118-96-7.

7. 24DNT (2.4-dinitrotoluene)
BP: 300°C (decomposes)
MP: 70°C
Solubility in water: 300 mg/L
Octanol/water partition coefficient: 93
CAS #121-14-2.

8. 26DNT (2,6-dinitrotoluene)
MP: 66°C
Solubility in water (25°C): 206 mg/L
Octanol/water partition coefficient: 97
CAS #606-20-2.

9. 4NT (para-nitrotoluene)
BP: 238°C
MP: 54°C
Octanol/water partition coefficient: 202
CAS # 99-99-0.

10. 2ADNT (2-amino-4.6-dinitrotoluene)
MP: 173°~174°C
Octanol/water partition coefficient: 88.2*
CAS #35572-78-2.

11. 4ADNT (4-amino-2,6-dinitrotoluene)
MP: 171°-172°C
Octanol/water partition coefficient: 81.5"
CAS #1946-51-0.

D. Reagents and SARMs
1. HMX—SARM quality.

. RDX—SARM quality.

. 135TNB—SARM quality.

. 13DNB—SARM quality.

. NB—SARM quality.

. 246TNT—SARM quality.

. 24DNT—SARM quality.

. 26DNT—SARM quality.

9. 4NT—reagent grade.

10. 2ADNT—reagent grade.

00 ~J O h b WK

* Estimated (Jenkins 1989).
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t1. 4ADNT—reagent grade.
12. NaCl—reagent grade.
13. ACN—HPLC grade.

14. Methanol—HPLC grade.
15. Water—reagent grade.
16. THF—HPLC grade.

IV. Calibration

A. Initial calibration:

1. Preparation of standards: Analyte material (SARM or reagent grade) was dried to constant
weight in a vacuum desiccator in the dark. Approximately 0.250 g (250 mg) of each dried SARM or
dried reagent was weighed out to the nearest 0.1 mg, transferred to individual 250-mL volumetric
flasks, diluted to volume with HPLC grade ACN and stored in a refrigerator at 4°C in the dark. Stock
standards are usable for a period up to 1 year after the date of preparation. The concentration of each
stock standard is presented in Table BS.

A combined analyte stock solution labeled N is prepared by combining 1.0 mL each of the HMX,
RDX, I35TNB, [3DNB, NB, 246TNT, 24DNT, 26DNT, 4NT, 2ADNT and 4ADNT analyte stock
standards in a 100-mL volumetric flask and diluting to volume with water. The analyte concentrations
for solution N are presented in Table B9. A series of calibration standards is prepared as described
Table B10 and labeled P through UV respectively. All dilutions are made in 100-mL volumetric flasks
and brought to volume with water.

2. Instrumental calibration: No further dilution of the standards with solvent is required for
analysis. The calibration standards are analyzed in duplicate in random order.

3. Acceptability of a linear model: Foreach analyte, this is assessed using the protocol specified
in the USATHAMA QA Program (1990). Experience has shown that a linear model with a zero inter-
cept is appropriate. The response factor is the slope of the best fit, zero intercept linear regression line.

B. Daily calibration:

1. Preparation of standards: Stock standards for each analyte are prepared in an identical
manner to that described for the initial calibration above. The concentrations of the individual stock
standards are presented in Table B11. A combined analyte standard solution labeled NN is prepared
using a three-step process. First, combine 5.00 mL each of the 24DNT and 26DNT individual stock
standards, plus 10.0mL eachof the 246 TNT, 2ADNT and 4ADNT individual stock standards in a 200-
mL votumetric flask and dilute to volume with ACN. Second, combine in a 100-mL volumetric flask,
10.0 mL each of the 13DNB and 135TNB individual stock standards plus 2.00 mL of the 4NT
individual stock standard and dilute to volume with ACN. Finally, prepare solution NN in a 500-mL
volumetric flask by combining 10.0 mL of the solution from the first step, 25.0 mL of the solution from
the second step, add 5.00 mL each of the HMX, RDX and NB individual stock standards and dilute
to volume with ACN. The concentration of each analyte in solution NN is presented in Table B11. The
Jailv calibration standard solution labeled PP is prepared by diluting .00 mL of standard solution NN
in a 100-mL volumetric flask with water. The concentration of daily calibration solution PP is
presented in Table B11. The combined analyte calibraticn solution (NN) is stored in a refrigerator at
4°C in the dark and is usable for a period of up to 28 days. The daily calibration siandard (PP) must
be prepared daily.

2. Instrumental analysis: The daily calibration standard solution, PP, is 99% aqueous. Owing
to the nature of the separation, dilution with a solventis not required. This standard solution is analyzed
in triplicate at the beginning of each day of analysis, singly at the mid-point and singly at the end of
each day of analysis. Response factors for each analyte are obtained from the mean peak height and
compared with the response factors obtained in the initial calibration.

3. Response factor: The mean response factor for the daily calibration must agree within +25%
of the response factor of the initial calibration for the first seven daily calibrations and within two
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standard deviations of the initial calibration for subsequent calibrations. If the criteria are not met, a
new initial calibration must be obtained.

Y. Certification Testing

A. Preparation of spiking standards: Individual analyte cerification stock standards are
prepared in the identical manner as described for the calibration stock standards above. A combined
analyte certification solution labeled QQ is prepared using the three step procedure outlined for the
combined analyte calibration stock solution (NN) above. The analyte concentrations in solution QQ
are presented in Table B12. A series of spiking certification solutions is prepared from solution QQ
in the manner outlined in Table B13. All dilutions are made in 100-mL volumetric flasks in ACN.
Concentrations of analytes in the spiking solutions are presented in Table B12. Certification stocks,
combined and spiking solutions are stored in arefrigerator at 4°C in the dark. Stock solutions are usable
up to 1 year after date of preparation. Combined solutions and spiking solutions are usable for up tc
28 days.

B. Preparation of certification samples: Certification samples are prepared by diluting 1.00 mL
of each of the certification spiking solutions RR-UV to 2000 mL in water each in individual 2000-mL
volumetric flasks. The certification blank sample is prepared by diluting 1.00 mL of ACN to 2000 mL
in water in a volumetric flask. A 760-mL aliquot of each cenification sample solution and the
certification blank solution are measured in graduated cylinders and transferred to individual 1000-
mL volumetric flasks and samples are extracted as described below for real samples.

VI. Procedure

A. Preparation of sample: A 760-mL volume of a water sample is measured in a graduated
cylinder and transterred to a 1000 mL volumetric flask. A 248-g sample of NaCl is added to the water
sample. A magnetic stir bar is placed in the flask and the sample placed on a magnetic stirring plate
and stirred vigorously until the NaCl is completely dissolved. Upon dissolution of the salt, 170 mL of
ACN is pipetted slowly into the stirring sample solution, allowing the ACN to mix into the solution
and avoiding overflow of the flask. Upon complete addition of the ACN, the speed of the stirring plate
is adjusted to ensure that the entire ACN phase is drawn down into the aqueous phase during the
extraction. The samples are stirred for approximately 30 minutes. Samples are then ailowed to stand
approximately 30 minutes to achieve phase separation.

Upon phase separation, the ACN phase is removed by means of a Pasteur pipette and transferred
to a 40-mL Teflon capped vial. An additional 10 mL aliquot of ACN is added to the sample in the
volumetric flask. The sample is again stirred for approximately 30 minutes, and allowed to stand
approximately 30 minutes. The second ACN extract is combined with the first extract in the Teflon
capped vial. If the collected extract is turbid, the sample is centrifuged at 4000 rpm for 5 minutes. The
ACN extract is then drawn off the centrifuged sample by Pasteur pipette and transferred to a clean 40-
mL vial. The ACN extraci is examined for large water drops. If any are present, they are removed with
a Pasteur pipette.

The ACN sample extract is transferred to a Kuderna-Danish microconcentrator and the volume
reduced to Jess than 0.5 mL. The sample is then taken up in 2.0 mL of water. The sample is allowed
to reflux for 2 to S minutes to allow further evaporation of ACN. The 2.00-mL water sample is removed
from the Kuderna—Danish device and combined with 3.00 mL of fresh water in a scintillation vial. The
sample is shaken, then poured back into the Kudema—Danish device to rinse the sides of the glassware.
The sample is then returned to the scintillation vial. If the sample is cloudy. it is filtered through a
Millex SR. 0.5-um disposable filter, collecting all 5 mL of filtrate. No further dilution of the sample
is necessary for analysis.

B. Determination: Determination of the analyte concentration in the sample solution is obtained
by RP-HPLC-UV at 254 nm. A 2.5-mL aliquot of sample 15 used to overfill an 1 100-pL. sample loop.
The LC-8 column and LC-8 guard column are eluted with aternary eluent coniposed of water-MeOH-
THF (70.7:27.8:1.5 [v/v/v]) at 2.0 mL/min. Retention times and capacity factors for the analytes of
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interest as well as a number of potential interfering compounds are presented in Table B4. Confirma-
tion separation is performed using a two-column sequence of LC-8 followed by LC-CN, which are
preceded by an L.C-8 guard column and eluted with the same eluent at 1.5 mL/min. Retention times
and capacity factors for both separations are presented in Table B4. Chromatograms for the primary
(LC-8) and confirmatory (L.C-8/LC-CN) separations of the analytes of interest are shown in Figures
B1 and B?, respectively.

VII. Calcuiation

A. Response factors: Since a linear calibration curve with zero intercept is to be expected,
calculations of daily results are obtained using response factors calculated for each analyte. The mean
response (R ) for each analyte from repeated determinations of the daily calibration solution (PP) is
obtained in peak height units. The response factor (RF) for each analyte is obtained by dividing the
mean response by the known concentration (C) in units of ug/L

RF =

APy

B. Analyte concentration: The concentrations (ug/L) of each analyte (C,) are obtained by
dividing the response for each analyte (R,) by the appropriate response factor (RF,), then dividing by
the preconcentration factor of 152. Preconcentration factor (PF) is the ratio of the initial sample
volume (760 mL) over the final sample volume (5 mL).

PF=7—§Q=152.

Ra

a

C, = + 152

IX. Daily Quality Control

A. Control spikes: Spiked water samples are prepared as described for the Class 1 method in the
USATHAMA QA Program (1990). This requires the use of a method blank, a single spike at two times
the certified reporting limit and duplicate spikes at ten times the certified reporting limit for each
analytical lot. Control spikes are prepared using the appropriate spiking solution in an identical manner
as described in Section V.

B. Control charts: The control charts required are described for Class 1 methods in USATHAMA
QA Program (1990). This will require use of standard Shewhart X and R charts for the duplicate high
spike (Table B14a) and moving average X and R charts for the single low spike (Table B14b). Details
on the charting procedures required are specified in USATHAMA QA Program (1990).

X. Certification of Materials other than SARMs

The 2ADNT and 4ADNT were obtained from Dr. David Kaplan. U.S. Army Natick Laboratories
(Natick. Massachusetts). The 4NT was obtained from either Baker or Eastman-Kodak. These
materials were not SARMS but their purity was verified by GC/MS. The 2ADNT and 4NT mass
spectra were verified against the Hewlett Packard mass spectrum library entry number #16458:
Benzenamine, 2-methyl-3,5-dinitro- and #5402: Benzene, 1 methyl,-4-nitro. The top 10 fragments are
presented in Table B15. Although a standard mass spectrum for 4ADNT was unavailable, the mass
spectrum obtained was consistent with the structure of the compound. The top 10 fragments are
presented in Table B15.
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Table B4. Retention times and capacity factors.

Table B1. Linear ranges for COLUMN:  LC-%. 7.5 cm x 4.6 mm (3 pm)

calibration of analyte stan- LC-8/LC-CN (series), 3.3 cm x 4.6 mm (3 um) (both)
dards. ELUENT: WATER-METHANOL-THF 70.7:27.8:1.5 (v/v/v)
FLOW RATE: 2.0 mL/min (LC-8). 1.5 mL/min (LC-8/LC-CN)
Concentration of WAVELENGTH: 254 nm (210 am for PETN und NG)
standards (png-L) (280 nm for TETRAZINE)
Analvie Low High LOOP SIZE: 1100 pL
HMX 1.00 200 Retention time (nun) Capaciy factor* (K')
RDX 1.00 200 Analyte LC-N __ LC8LC-CN LCS  LCKLCCN
135TNB 1.00 200 NO3 0.55 0.615 . .
13DNB 1.00 200 Tetrazene unretained — — —
NB 1.06 211 Picnic acid unretained — — —
246TNT 1.00 200 24DNPhenot 1.18 — 1.15 —
24DNT 1.00 201 %\; :;ﬁ — 1?; -
26PNT Lol 201 HMX 2.19 6.91 2.98 10.24
ANT .00 199 26DIAMNT 221 — 3.02 —
ZADNT 1.00 200 135TNB 3.09 3.35 162 1.45
4ADNT 1.16 232 IAmNB 347 — 4.76 —
TNBA 321 —_ 4.84 —_
14DNB RN — 5.40 —
RDX 3.60 497 5.55 7.09
24Di ! 3. — 5.85 —_
Table B2. Tested concentration ];g’,\?gWT 11; 12 6_35 <69
ranges for each analyte (prior NB 4.85 4.34 7.82 6.06
to preconcentration). 2AmMANT 5.30 — 8.64 —
12DNB 5.59 —_— 9.16 —
Concentration of BenzgneT 5.83 4.55 1906(;1 6.40
JAmM2N 6.06 — .02 —
Analvie L(f:""’ fes (“f}ﬁ;, 246TNT 6.47 5.83 10.76 8.48
- - - DNA 7.07 — 11.85 —
24DNT 8.66 7.11 14.75 10.56
HMX 0.050 1.00 NG 8.98 o 1533 o
RDX 0.050 1.00 245TNT 9.10 — 15.55 —
135TNB 0.025 0,500 Tetryl 957 _ 16.40 —
13DNB 0.025 0.500 26DNT 9.65 7.63 16.55 a4
NB 0.053 1.06 2NT 10.65 8.08 18.36 12.14
5 ANT 10.80 8.18 18.64 12.30
:jETTT ggg; 8'(1)(5)8 ANT 11.18 8.78 19.33 13.27
; X ' ; ! 2ADNT 12.20 9.75 21.18 14.86
Z6DNT 0.0025 0.050 JADNT 12.90 10.47 22.45 16.02
INT 0.005 0.100 Toluene 13.90 9.37 24.27 14.24
2ADNT 0.007 0.140 PETN 22.44 — 19.80 —
4ADNT 0.006 0.116 234TNT 30.00 — 53.55 —

* Capacity factor is calculated on the unretained peak of NO3.

K'= ;r - INoy
Table B3. Sensitivity of UV detector T
for analytes at 254 nm. 120y

It = mean retention time of the analyte (min).

Sensurviee* Absorbance' -
Anaivtes  (Abs per pgiL) at CRL ¢ Nox = mean retention time of unretained NO3 (min).
HMX L17x10- 3.82x107} . )
RDX 9.00x10-5 3.55x10-" Table BS. Concentration of stock
115TNB 31810 6.24x10-} standards for initial calibration.
- -3

13DNB 3AI7xI0—‘ 4.35)(]()_2 Concentration
NB 17910 L01x10 Analyte (mgiLL)
246TNT 1.62x 104 2.81x10~
24DNT 1.52x10~4 1.73x10°4 HMX 1000
26DNT 7.52%10°% 7.22x10°% RDX 1000
ANT 4.44x10- 3.02x10~4 134TNB 1000
2ADNT 8.99x10-5 7.69x10~* I'\RBDNB :%
4ADNT 6.30x10-% 5.20x10~* IA6TNT 1000

o 24DNT 1000
f Sensmvuy based on an 1100-pL 36DNT 1010
injection of a 100-ug/L standard. ANT 997
t Sensitivity based on concentration factor 2JADNT 702
of 152. 4ADNT 579
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Table B6. Concentration of the analytes in the combined and precertification calibration standards (ug/L).

Label HMX 135TNB RDX 13DNB NB 240TNT 24DNT  20DNT 4NT  2ADNT  4ADNT

XXX 10010 10,010 10,000 10010 10.600 10,000 10.050 .0,050 9.970 10,000 11.600
AAA 200 200 200 200 211 200 201 201 199 200 232
B.BB 100 100 100 100 106 100 100 100 100 100 116
C.CC 40.0 40.0 40.0 40.0 423 40.0 40.1 40.2 399 40.0 46.3
D.DD 20.0 20.0 20.0 20.0 211 20.0 20.1 20.1 19.9 200 232
E.EE 10.0 10.0 10.0 10.0 10.6 10.0 10.0 10.0 10.0 10.0 11.6
F.FF 4.00 4.00 4.00 4.00 4.23 4.00 4.01 4.02 3.99 4.00 4.63
G.GG 2.00 2.00 2.00 2.00 2.11 2.00 2.01 2.01 1.99 2.00 232
H.HH 1.00 1.00 1.00 1.00 1.06 1.00 1.00 1.00 1.00 1.00 1.16

A . . . . . Table B8. Certified Re-
Table B7. Dilutions for precertification calibration standards. All dilu- porting Limits (CRL) for

tions are in water. the improved saltirg-out
extraction method.

Approximate
Dilution pattern concentration CRL
Series | Series 2 Flask  of analytes* Analvies (ngiL)
Standard aliquot of (mL) Standard aliquot of (mL) (mL) (ug/iL) d He
A 2.00 of X* AA 2 of XXt 100 200 :E‘;: g'gz(')
B 1.00 of X BB 2 of XX 100 100 135TNB 0'119
C 2000f A ccC 20 of AA 100 40.0 1ADNB 0‘0;0
D 10.0of A DD 10 of AA 100 20.0 N-B 0'1.7.,
E 10.0of B EE 10 of BB 100 10.0 246TNT 0011
F 10.0 of C FF 10 of CC 100 4.00 £4DNT 0'007
G 2.000f B GG 2of BB 100 2.00 26DNT 0‘006
H 1.00of B HH | of BB 100 1.00 ANT 0.045
* See Table B6 for exact concentrations for each analyte. 323:’1 8822
+ Solutions X and XX are the respective combined analyte stock standard solutions. i
Table B9. Concentration of the analytes in the combined and initial calibration standards (ug/L).
Label HMX I35TNB RDX I3DNB NB  246TNT 24DNT  26DNT  4NT  2ADNT  4ADNT
N 10,010 10,010 10,000 10,010 10,600 10,000 10,030 10,050 9,970 10,000 11,586
P 200 200 200 200 211 200 201 201 199 200 232
Q 100 100 100 100 106 100 100 100 100 100 116
R 40.0 40.0 40.0 40.0 423 40.0 40.1 40.2 39.9 46.0 46.3
S 20.0 20.0 20.0 200 211 200 20.1 20.1 19.9 200 232
T 10.0 10.0 10.0 1060 10.6 10.0 10.0 10.0 10.0 10.0 11.6
U 4.00 4.00 4.00 4.00 4.23 4.00 4.01 4.02 3.99 4.00 4.63
v 2.00 2.00 2.00 2.00 2.11 2.00 2.01 2.01 1.99 2.00 2.32
w _1:07(1 1.9(1_ 1.00 1.00 1.06 1.00 1.00 1.00 1.00 1.00 1.16
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Table B10. Dilutions for initial calibration stan-
dards. All dilutions are in water.

Aliquot of  Size of flask

Concentrations*

Standard (ml) (mL) (ug/L)
P 2.00 of N* 100 200

Q 1.000f N 100 100

R 20.00 of P 100 400
S 10.00 of P 100 20.0
T 10.00 of Q 100 10.0
U 10.00 of R 100 4.00
\Y 2.000f Q 100 2.00
W 1.00 of Q 100 1.00

* See Table B9 for exact concentrations for each analyte.
t Solution N is the combined analyte stock standard.

Table B11l. Concentration of combined
analyte calibration solution (NN) and daily
calibration solution (PP).

Stock NN PP
Analyte (mg/L) (Hg/L) (Hg/L)
HMX 1000 10010 100
RDX 1000 10000 100
135TNB 1000 5000 50.0
13DNB 1000 5000 50.0
NB 1050 10600 106
246TNT 1000 1000 10.0
24DNT 1000 501 5.02
26DNT 1010 502 5.02
4NT 997 997 9.97
2ADNT 702 1400 14.0
4ADNT 579 1160 11.6

Table B12, Concentration of certification combined stock and spiking

solutions (ug/L).

Analytes Q0* RR SS T Uy 144
HMX 10010 2002 1000 400 200 100
135TNB 5000 1000 500 200 100 50
RDX 10000 2000 1000 400 200 100
13DNB 5000 1000 500 200 100 50
NB 10600 2110 1060 422 211 106
246TNT 1000 200 100 40.0 20.0 10.0
24DNT 502 100 50.2 20.1 10.0 5.02
26DNT 502 101 50.2 20.1 10.1 5.02
p-NT 997 199 99.7 39.9 19.9 9.97
2ADNT 1400 281 140 56.2 28.1 14.0
4ADNT 1160 232 116 46.4 232 11.6

* Solution QQ is the certification combined stock solution.

Table B13. Dilution outline of certification spiking
solutions.* All dilutions are in acetonitrile.

Volume of QQ Volume of flask
Solution Level (ml.) {ml)
RR 10 x 20.0 100
SS Sx 10.0 100
TT 2x 4.00 100
818 1x 2.00 100
vV 0.5 x 1.00 100

*Concentration of analytes in the certification spiking
solutions are listed in Table B12.
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Table B14. Initial control limits for percent recoveries.

135TNB RDX 13DNB 246TNT 24DNT  26DNT 2ADNT 4ADNT
a. From duplicate certification samples (10x)
For means
UWL 181 105 128 109 115 114 117 117
ucCL 198 106 147 120 129 128 128 129
LWL 113 97.3 55.4 67.6 60.6 61.1 73.3 68.1
LCL 95.5 95.5 370 571 456.8 47.7 62.3 55.9
For range
UWL 68.4 7.3 73.2 419 55.0 53.5 438 48.8
UCL 89.0 9.5 95.2 54.6 71.5 69.6 57.0 63.5
LCL 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
LWL 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
b. Of 2x certification samples using 3-point moving averages
For means
UWL 177 171 133 122 120 mn 125 120
UCL 179 190 142 132 125 117 139 128
LWL 170 “1 94.9 85.7 98.4 88.6 67.3 87.2
LCL 169 5.3 85.5 76.5 93.1 82.9 529 79.0
For range
UwL 9% 115 56.7 55.2 321 34.0 86.7 49.3
uCL 2.2 144 7.3 69.3 40.3 427 109 61.9
LCL 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
LWL 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Table B15. Top most intense peak in mass spectrum of 2ADNT,

4ADNT and 4NT.
2ADNT 4ADNT 4NT
Relative Relative Relative

m/e abundance mie abundance mle abundance
180 100 180 100 137 100
197 78 197 60 91 97

78 64 104 51 65 85
104 41 78 33 39 39

77 34 105 30 107 35

52 32 52 24 63 25

51 26 77 24 77 22
105 23 51 22 79 18
134 19 93 17 89 17
133 17 94 15 51 17
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APPENDIX C: METHOD DOCUMENTATION IN USATHAMA (1990) FORMAT

Certification
Low-level, Direct Injection Method for
Determination of Nitroaromatics and Nitramines in Water

1. Summary

A. Analytes: The following analytes can be determined using this analytical method: I35TNB,
RDX, 13DNB, NB, 246TNT, 24DNT, 26DNT, 4NT, 2ZADNT and 4ADNT.

B. Matrix: This method is suitable for the analysis of ground or surface water samples.

C. General method: This method involves the addition of 1% methanol to a water sample,
filtration through a 0.5-pum Millex SR filter membrane and direct injection of 1100 UL of sample onto
a reversed-phase HPLC column. Since the solvent strength of the injected sample is low for the
reversed-phase column, the analytes in the injected sample are focused on the front of the column
during sample introduction. Separation is achieved on an LC-8 (7.5 cm X 4.6 mm, 3 um) column under
isocratic conditions with a ternary eluent composed of 70.7:27.8:1.5 (v/v/v) water-methanol-
tetrahydrofuran at 2.0 mL/min. Determination is obtained on a UV detector at 244 nm. It is essential
to use a precolumn in this method to protect the analytical column from large pressure fluctuations
during injection.

1. Application

A. Tested concentration range: The ranges of analyte concentration over which this method was
tested are shown in Table C1.

B. Sensitivity: The response of the UV detector at 244 nm for each analyte under the conditions
described above are shown in Table C2.

C. Reporting limits: Certified Reporting Limits (CRL) for the following analytes were deter-
mined over a four-day period using the method of Hubaux and Vos (1970), as described in the
USATHAMA Quality Assurance Program (1990). CRL values for each analytes are presented in
Table C3.

D. Interferences: Retention times for the analytes of interest and several potential interferences
are presented in Table C4. The major potential co-elution problems are Tetryl eluting with 26DNT,
and 2NT eluting with 4NT. Determination ¢f HMX using this method can only be achieved at arather
high CRL since HMX elutes on the tail of the water peak.

E. Analysis rate: Because of the large sampling loop size (1100 uL), samples must be manually
injected. The run time is about 15 minutes/sample. About 20 samples can be analyzed per day along
with appropriate calibration standards, blanks and quality control samples.

F. Safety information: The normal safety procedures associated with potentially toxic organic
substances should be followed.

I11. Apparatus and Chemicals
A. Glassware/hardware:
1. Volumetric pipettes: glass, 10 mL.
2. Scintillation vials: 20 mL, glass (2/sample).
3. Disposable syringes: Plastipak, 20 mL (1/sample).
4. Filters: 0.5 um Millex SR, disposablie (1/sample).
5. Syringes: Glass, 100 L. S mL.
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B. Instrumentation:

1. HPLC System: Spectra Physics SP8810 pump (orequivalent), an injector equipped with an
1100-pL injection loop and a Spectra Physics SP 8490 UV detector set at 244 nm (or equivalent
variable wavelength detector” ). The RP-HPLC column is eluted with an eluent composed of water—
methanol-tetrahydrofuran (70.7:27.8: 1.5 {v/v/v]) at 2.0 mL/min.

2. Strip chart recorder (Linear 500 or equivalent).

3. Digital Integrator (HP3393 A orequivalent) equipped with an external disk drive (HP9114B
or equivalent).

4. LC-8 (Supelco) RP-HPLC column, 7.5 cm x 4.6 mm (3 um).

5. LC-8 (Supelco) RP-HPLC column, 3.3 cm x 4.6 mm (3 pm).

6. LC-CN (Supelco) RP-HPLC column, 3.3 cm x 4.6 mm (3 m).

C. Analytes:

1. 135TNB (1,3,5-trinitrobenzene)
BP: decomposes
MP: 122°C
Solubility in water at 25°C: 385 mg/L
Octanol/water partition coefficient: 15
CAS #99-35- %

2. RDX (hexahydro-1,3,5,-trinitro-1,3,5,-triazine)
BP: decomposes
MP: 203.5°C
Solubility in water at 25°C: 60 mg/L
Octanol/water partition coefficient: 7.5
CAS #121-82-4.

3. 13DNB (1,3-dinitrobenzene)
BP: 302°C
MP: 122°C
Solubility in water at 25°C: 533 mg/L
Octanol/water partition coefficient: 31
CAS #99-65-0.

4. NB (Nitrobenzene)
BP:211°C
MP: 5.7°C
Solubility in water at 20°C: 1900 mg/L
Octanol/water partition coefficient: 71
CAS #98-95-3.

5. 246TNT (2,4,6-trinitrotoluene)
BP: 280°C (explodes)
MP: 80.1°C
Solubility in water: 130 mg/L.
Octanol/water partition coefficient: 68
CAS #118-96-7.

6. 24DNT (2,4-dinitrotoluene)
BP: 300°C (decomposes)
MP: 70°C
Solubility in water: 300 mg/L
Octanol/water partition coefficient: 95

* A variable wavelength detector rather than adiode array detector is specified because of superior signal-to-noise
ratio characteristics.
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CAS #121-14-2.

7. 26DNT (2,6-dinitrotoluene)
MP: 66°C
Solubility in water (25°C): 206 mg/L
Octanol/water partition coefficient: 97
CAS #606-20-2.

8. 4NT (p-nitrotoluene)
MP: 238°C
BP: 54°C
Octanol/water partition coefficient: 234
CAS #99-99-0.

9. 2ADNT (2-amino-4,6-dinitrotoluene)
Octanol/water partition coefficient: 88.2*
CAS #35572-78-2.

10. 4ADNT (2-amino-4,6-dinitrotoluene)
Octanol/water partition coefficient: 81.5"
CAS #1946-51-0.

D. Solvents and Chemicals:

1. Methanol-——HPLC grade.

. Tetrahydrofuran (THF)—HPLC grade.

. Acetonitrile—HPLC grade.

. Water—reagent grade.

. I35STNB—SARM quality.

. RDX—SARM quality.

. 13DNB—SARM quality.

. NB—reagent grade.

. 246TNT—SARM quality.

10. 24DNT—reagent grade.

11. 26DNT—reagent grade.

12. 4NT—reagent grade.

13. 2ADNT—reagent grade.

14. 4ADNT—reagent grade.

(¥ IS SNV I )

N=2le N Be

1V. Calibration

A. Preparation of standards: Solid material (SARM or reagent grade) for each analyte was dried
to constant weight in a vacuum desiccator in the dark. Approximately 0.1 g (100 mg) of each dried
SARM or dried reagent was weighed out to the nearest 0.1 mg, transferred to individual 100-mL
volumetric flasks and diluted to volume with HPLC grade acetonitrile. Stock standards are stored in
a refrigerator at 4°C in the dark. Stock standards are usable for a period up to 1 year after the date of
preparation. The analyte concentration in each stock standard is about 1000 mg/L.

A combined analyte stock solution (STD A) is prepared by combining 1.00 mL each of the
135TNB, RDX, 13DNB, NB, 246TNT, 24DNT, 26DNT, 4NT, 2ADNT and 4ADNT analyte stock
standards in a 100-mL volumetric flask and diluting to volume with ACN. The concentration of all
analytes in STD A is about 10,000 pg/L.

A combined aqueous stock standard is prepared by diluting 1.00 mL of STD A to 100 mL with
reagent grade water in 100-mL volumetric flask. Analyte concentrations in this solution (STD B) are
about 100 ug/L and the acetonitrile concentration is about 1.0%.

* Estimated (Jenkins 1989).
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A combined analyte working standard (STD C} is prepared by diluting a 10.0-mL aliquot of STD
B to 100 mL n a volumetric flask with reagent grade water. Individual -alibration standards are
prepared by diluting STD C with reagent grade water as described in Table C5. Calibration standards
are stored in a refrigerator at 4 'C in the dark. STD A (in ACN) is usable for a period up to 28 days.
Solution B and diluted calibration standards should be prepared fresh daily.

B. Initial calibration: Aliquots of each aqueous standard are analyzed in duplicate in random
order. Acceptability of a linear model for each analyte is assessed using the protocol specified in the
USATHAMA QA Manual (1990). Experience indicates that a zero intercept linear model is
appropriate. Therefore, the response factor for each analyte is taken to be the slope of the best fit
regression line.

C. Daily calibration: Standard STD D (Table C5) is used for daily calibration. This standard is
injected in triplicate at the beginning of the run, once at the midpoint of the run and once at the end
of the run. Response factors for each analyte are obtained from the mean peak height, and compared
with the response factors obtained for the initial calibration. The mean response factor for the daily
calibration must agree within +25% of the response factor of the initial calibration for the first seven
daily calibrations and within two standard deviations of the initial calibration for subsequent
calibrations. If the criteria are not met, a new initial calibration must be obtained.

V. Certification Testing, Preparation of Certification Samples

Individual analyte centification stock solutions are prepared in the identical manner to that
described for the calibration stock standards above. A combined analyte certification solution
(solution AA) is prepared by diluting 1.00 mL of stock to 100 mL with ACN in a 100-mL volumetric
flask. A combined aqueous certification stock solution (solution C) is prepared by diluting 1.00 mL
of solution AA to 100 mL with reagent grade water in a 100-mL volumetric flask.

A combined analyte working certification standard (solution CC) is prepared by diluting a 10.0-
mL aliquot of solution C to 100 mL in a volumetric flask with reagent grade water. Individual
certification samples are prepared by diluting solution CC with reagent grade water as described in
Table C6.

Certification samples are prepared by pipetting 10.0 mL of each certification sample into
individual . ‘ntillat.on vials, adding 100 mL of methanol to each, shaking briefly and filtering each
with a Millex SR filter into clean scintillation vials.
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V1. Sample Handling and Storage

A. Sampling procedure: In collecting the sample, the sampie container is rinsed three times with
sample water, filled to the very top of the container, and capped.

B. Containers: The sample container is an amber glass bottle equipped with a Teflon-lined screw
cap.

C. Storage conditions: Samples in the field are stored in coolers in the dark that are kept cool with
ice or cold packs. Samples in the laboratory are stored in a refrigerator at 4°C in the dark.

D. Storage limits: Samples must be analyzed within 7 days of collection.

VII. Procedure

A. Sample preparation: A 10.0-mL aliquot of each sample is pipetted inio individual 20-mL
glass scintillation vials. A 100-uL aliquot of methanol is added to each and the vials are shaken briefly.
Each sample is then filtered through a 0.5-pum Millex SR filter. The first 3 mL is discarded and the
remainder placed in a clean scintillation vial.

B. Determination: Determination of the analyte concentration in each sample is obtained by RP-
HPLC- UV at 244 nm. A 3.5-mL aliquot of sample is used to overfill an 1100-uL sample loop, which
is then injected onto an LC-8 column (7.5 cm x 4.6 mm, 3 um) and eluted with 2.0 mL/min of
70.7:27.8:1.5 (v/v/v) water—-methanol-THF. Retention times for analytes and some potential interfer-
ences are given in Table C4. An example chromatogram is shown in Figure C1.

C. Confirmation: When peaks are identified as possible analytes of interest on the primary
analytical column, the sample is reanalyzed on a second column for analyte confirmation. A 3.5-mL
aliguot of sample is used to overfill an 1100-pL sample loop, which is then injected onto the following
two columns connected in sequence: LC-8 (3.3 cm X 4.6 mm, 3 um) and LC-CN (3.3 cm X 4.6 mm,
3 um). The columns are eluted with 1.5 mL/min of the same eluent used for primary analysis. Retention
times are given in Table C4 and a chromatogram is presented in Figure C2.

VIII. Calculation
A. Response factors: Since a linear calibration curve with zero intercept is to be expected,

1,3-DNB
NB

1,3,5- TNB

RDX
HMX + 2.4 - DNT

Figure C2. Confirmation separation.
Column: LC-8/LC-CN series (both 3.2 cm

x4.6 mm, 3 um)

— Eluent: 70.7:27.8:1.5 (viviv)

H,0-MeOH-THF
Flow: 1.5 mL/min

OL TR -1 GL T DR S ‘0 Detector. UV: A =254 nm

(min) Injection volum- - 1100 pL

2-Am-DNT +4-Am - DNT

37




calculations of daily results are obtained using response factors calculated for each analyte. The mean
response (R) for each analyte from repeated determinations of STD D is obtained in either peak area
or peak height units. The response factor (RF) for each analyte is obtained Ly dividing the mean
response by the known concentration (C) in units of ug/L.

RF =

0|

B. Analyte concentration: The concentrations (ug/L) of each analyte (C,) are obtained by
dividing the response for each analyte (R,) by the appropriate response factor (RF,).

R a
RF,

a:

IX. Daily Quality Control

A. Control spikes: Spiked water samples are prepared as described for the Class 1 method in the
USATHAMA QA Program (1990). This requires the use of amethod blank, a single spike attwotimes
the cenified reporting limit and duplicate spikes at ten times the certified reporting limit for each
analytical lot. Control spikes are prepared using the appropnate spiking solution in an identical manner
as described in Section V.

B. Control charts: The control charts required are described for Class 1 methods in USATHAMA
QA Program (1990). This will require use of standard Shewhart X and R charts for the duplicate high
spike and moving average X and R charts for the single low spike. Details on the charting procedures
required are specified in USATHAMA QA Program (1990).
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Table C1. Tested concen-
tration ranges for each

analyte.

Concentration

range tested
Analyte (ug/L)
135TNB 0.10 10 2.00
RDX 0.10 w0 2.00
13DNB 0.10 10 2.00
NB 0.10 1o 2.00
246TNT 0.10 o 2.00
24DNT 0.10 to 2.00
26DNT 0.10 10 2.00
4NT 0.10 10 2.00
2ADNT 0.10 to 2.00
4ADNT 0.10 to 2.00

Table C4. Retention times for major
analytes and potential interferences
for primary analysis and second col-
umn confirmation.

Retention time (min)

Compound LC-8 LC-8/LC-CN
HMX 22 6.9
135TNB 3.0 3.4
RDX 15 5.0
13DNB 4.2 4.1
NB 49 43
Benzene 5.8 4.6
246DNT 6.3 5.8
24DNT 8.3 7.1
Tetryl 9.2 9.8
26DNT 9.3 7.6
INT 10.4 8.1
4NT 10.5 8.2
INT 1.2 8.8
2ADNT 11.7 9.8
4ADNT 2.4 10.5
Toluene 13.2 94

Table C2. Sensitivity of UV detector
for analytes at 244 nm using LC-8
separation described.

Concentration

Analyte tabsorbance units per ug/l)
135TNB 5.59 x 1074
RDX 1.45 x 107
13DNB 4.00 x 1074
NB 1.19 % 107*
246TNT 218 x 10~
24DNT 1.59 x 107
26DNT 1.01 x 10
ANT 2.68 % 1075
2ADNT 118 x 107
4ADNT 1.05 x 10~
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Table C5. Dilution procedure
bration standards.

Calibration  Volume of STD C

Table C3. Certified
reporting limits
(CRL).

CRL
Analyte (ug/L)
135TNB 1.07
RDX 0.62
13DNB 0.18
NB 0.66
246TNT 0.17
24DNT 0.26
26DNT 0.47
4NT 1.06
2ADNT 0.63

4ADNT 0.99

for individual cali-

Analyte concentration

standard 10 100 mL (ug/L)
D 20 2
E 10 1
F 4 0.4
G 2 0.2
H ) 0.1

Table C6. Dilution procedure for preparation

of certification samples.

Volume of Analyle
Certification solution CC (ml.)  concentration

sample diluted to 100 mL (ug/L)
Blank 0 —
0.5X 1 0.1
1X 2 0.2
2X 4 0.4
5X 10 !
2

10X 20
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